For the first time active moss biomonitoring was used to assess trace element deposition in the capital of the Republic of Moldova, Chisinau. Moss Sphagnum girgensohnii samples were exposed in bags at three sites of Chisinau from October, 2016 to March, 2017. The content of 30 elements: Na, Mg, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, As, Br, Rb, Mo, Sr, Sb, Ba, La, Ce, Cs, Hf, Th, Cu, Cd, Pb, and U in the exposed and unexposed mosses was determined by neutron activation analysis and atomic absorption spectrometry. According to the relative accumulation factor, the most abundant elements in the samples were V, Cr, Fe, Ba, La, As, Sb, U, and Pb. Such elements as Cl, K, and Rb were depleted from the moss tissue during the time of exposure. Principal component analysis was used to identify and characterize different pollution sources. The obtained results indicate that the use of S. girgensohnii moss bags is a simple and inexpensive technique to monitor major and trace element content in the air of urban area.
Introduction
More than 40 years the moss transplant technique introduced by Goodman and Roberts in 1971 has been widely used to monitor air quality in industrial [1] [2] [3] as well as in urban areas [4, 5] . Moss bag technique allowed overcoming the problem of the lack of native moss in areas affected by relatively high pollutant levels or unsuitable climatic and environmental conditions. This technique has many advantages: well-defined exposure time; known concentration of elements in the unexposed sample, the uniformity of entrapment surface and flexibility both in site selection and in number of sites that can be chosen [4, 6] . Despite the wide use of moss bag technique, there is still not a well-established protocol for the use of moss as monitoring tool in urban areas [5, 7] .
Sphagnum species have been considered especially suitable for the monitoring of heavy metal pollution due to their high cation-exchange capacity of cell membrane, large area/volume ratio, high permeability of tissues to water and elements and high water retention capacity [4, 7] .
Currently, air pollution is one of the most serious problems in the Republic of Moldova and particularly in Chisinau. The quality of air in the Chisinau is determined by two main pollution sources: mobile (vehicles) and stationary (the power and heat generation sector, as well as industry) [8] . According to the national reports, in air samples mainly the concentrations of particulates, sulphur dioxide, carbon monoxide, nitrogen dioxide, phenols, and formaldehyde are determined [9] . At the same time, information concerning determination of heavy metals is very limited. Begu [10] used lichens to monitor the ecological situation in Chisinau during 9-month period. The concentration of six elements (Cu, Pb, Zn, Cd, Cr, and Ni) determined by atomic absorption spectrometer showed their significant accumulation during the exposure time of the lichen samples.
In the present study, samples of Sphagnum girgensohnii were exposed in bags at three different sites (Thermal power plant, Academy of Science main building and Botanical garden) of Chisinau, Republic of Moldova from October 2016 to March 2017 to examine the ecological situation in an urban area during heating season. Combination of two high sensitive analytical techniques: neutron activation analysis (NAA) and atomic absorption spectrometry (AAS) allowed determination of the inorganic pollutants previously not determined in Chisinau.
Experimental
Study area. The study was carried out in the city of Chisinau, the capital of Republic of Moldova, the main industrial centre of the country and its largest transportation hub. The climate in Chisinau is humid continental transitional with a subtropical, characterized by hot dry summers and windy cold winters. Moss Sphagnum girgensohnii Russow (S. girgensohnii) was collected in 2016 from a pristine territory located in Tver region, Russian Federation. Moss samples for exposure were prepared according to procedure described in Anicic et al. [4] study. Moss bags were exposed at three different sites: the thermal power plant (TPP) and Academy of Science main building (AS), potentially polluted places and in Botanical garden (BG) considered as an unpolluted site (Fig. 1) . Moss samples were not washed before exposure. As it was shown in the Anicic et al. [11] study, the difference in the elemental concentrations of S. girgensohnii in washed and unwashed samples was insignificant. At each site, fifteen bags were suspended from October, 2016 to March, 2017 (the period considered heating season in Chisinau). Every month three of them were collected and kept in tightly closed paper and plastic bags. A part of the unexposed moss material was kept in the laboratory and further used as a reference sample. Sample preparation for NAA and AAS analyses was done in accordance with the methodology described by Zinicovscaia et al. [12] .
Methods. Neutron activation analysis was carried out at the pulsed fast reactor IBR-2 of the Frank Laboratory of Neutron Physics, JINR, Dubna, Russia. A total of 27 elements (Na, Mg, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, As, Br, Rb, Mo, Sr, Sb, Ba, La, Ce, Hf, Th and U) were determined in the moss samples. The concentrations of elements based on short-lived radionuclides: Cl, V, Mg, Ca, Ti and Mn were determined by irradiation for 3 min at a thermal neutron flux of 1.6×1013 n cm -2 s -1
. To determine long-lived isotopes of Na, Sc, Cr, Fe, Co, Ni, Zn, As, Br, Rb, Sr, Mo, Sb, Ba, La, Ce, Hf, Th, and U, the samples were irradiated for 3 days at a neutron flux 3.31×1012 n cm -2 s -1
, repacked, and then measured twice after for 4 and 20 days. More details concerning the irradiation and data processing can be found in [13, 14] . The content of Cd, Cu, and Pb in the moss samples was determined by AAS [12] .
Quality assurance. To provide quality control of NAA, certified reference materials: SRM 1633c (constituent elements in coal fly ash), SRM 2710 (Montana Soil) and SRM 1547 (peach leaves) were used. In the case of AAS, NIST certified reference materials SRM 1570a (spinach leaves) and SRM 1575 (pine needles) were applied. In both cases, the experimentally measured contents were in a good agreement with the certified values. The difference between certified and measured content of elements of the certified material varied between 3 and 7 % for AAS and between 2 and 15 % for NAA.
Statistical approaches. To assess the element accumulation in the studied moss, relative accumulation factor (RAF) was calculated using the following formula:
where C 0 is the initial element concentration, and C x denotes the element concentration in exposed moss.
To highlight any association of the elements as well as to decrease the number of variables for the obtained data, factor analysis (FA) was used. The statistical analysis was performed using Statistica 9 (StatSoft, Tulsa, OK, USA).
Results and discussion
The results of analysis of the exposed samples and statistical analysis data (including RAF values) are summarized in Tables 1 and 2 . As it was shown in Culicov et al. [15] , the RAF values calculated for moss samples exposed at different regions cannot be compared because the initial element concentrations in the transplanted moss are different. The initial content of elements determined in the moss samples in the present study (Table 3) were in the range or even lower than the data reported for the moss Sphagnum sp. in the other studies [4, 15, 16] . Data presented in Vukovic et al. [16] study showed that RAF values higher than 0.5 indicated slight elemental enrichment in the moss, and the values higher than one indicated considerable elemental enrichment.
The RAFs for Na, Sc, Ca, V, Cr, Ni, Fe, Co, Sr, Sb, Ba, La, Ce, Hf, Th, Zn, and Cd at TPP site had the values higher than one. RAFs for V, La and Sb reached the highest values of 6.2, 11.3 and 13.5, respectively. Vanadium and Ni are the two trace metals emitted in large amounts during the oil combustion [11, 17] . Elements such as Sb, As, U, and Cr are considered as indicators of emission from fossil fuel combustion processes. The moss samples were exposed in heating seasons to verify whether the high accumulation of the abovementioned elements, being components of crude oil or coal, could occur. The TPP zone is also surrounded by heavy traffic roads. The elements found in the moss samples from this site, such as Ca, Fe, Co, Zn, Mo, Sb, and Ba, are characteristic for road traffic [11, 18] . Some of elements in moss, namely La, Ce, Hf, and Th may originate from the re-suspension of soil and road dust [4] . At the BG, the RAF values higher than one were obtained for Na, Mg, Sc, Ni, Fe, Sr, Sb, Ba, La, Hf, Th, and U. Some of the elements (Na, Mg, Ba, Hf, and Sr) may also originate from the re-suspension of soil and road dust [19] . Magnesium may occur due to leaching of living or dead tissue of other plants [20] . The main sources of the elements such as Ni, Fe, Sb, and Cd can be associated to the transport and industrial activity [21, 22] . The Botanical garden is situated in the vicinity of the city and it is surrounded by the national roads.
At the AS site, being a central city zone, the RAF values for Na, Mg, Sc, Ca, V, Cr, Co, Fe, Zn, Br, Sb, Sr, Ba, La, Ce, Hf, W, Th, U, and Pb were higher than one. The increase of Fe, Cr, Sc, Th, and U content is an indication of the input of terrigenous dust to the moss [23] . Some elements found in moss from this site, such as Ca, Cr, Fe, Co, Zn, Br, Sb, and Ba, are characteristic for the road traffic [11] . The RAF values for Pb were higher than one at TTP and AS sites. The main source of Pb emissions is the use of leaded gasoline combustion [18] . Negative RAF values were obtained for the physiologically active elements such as Cl (TPP and BG), K and the alkali elements as Rb (at all sites). The behaviour of Rb in plants is similar to that of K and Cl indicates the damage of the moss cell membrane due to the impact of air pollutants [4] . The loss of K from the exposed moss tissue was also noticed in the other studies employing moss bags [4, 16] . Negative RAF values may also result from the uncertainty of the measurement method. In Table 2 , negative RAF values were assumed to be RAF = 0.
For the elements considered as environmental contaminants, the concentration in the exposed moss samples was significantly higher than in the background ones (the initial moss element concentrations), indicating that the sites at which the moss bags were exposed were polluted by the determined elements (Fig. 2) .
The behaviour of these elements differs at different sites of exposure. The most pronounced increase of V content was observed at the TPP. As it has been previously mentioned, V and Ni are two trace elements emitted in large amounts during the oil combustion. Vanadium is also present in coal. The moss accumulated the maximal amount of V after 4 months of exposure and then its content decreased threefold. The high content of V in January and February can be explained by low outside temperatures and consequently, more intense heating. Vanadium content almost did not change at the BG site. At AS site its bioaccumulation can be explained by windblown dust as well as in vicinity of the TPP site. The increase of Ni content at all exposure sites was observed. Major anthropogenic sources of Ni release are the combustion of coal and heavy fuel oil [18, 24] . It was shown in Anicic et al. [4] study that V and Ni content in the winter time (corresponding to the official heating season) was two and three times higher than in the summer time, and for As and Fe it was 1.5 times higher in winter. A continuous increase of As content at the TPP site was detected. It is well known, that the main As pollution sources are the high-temperature oil and coal burning, as well as the operation of power plants [25] . At the BG site (except the first month) and the AS site, As content was lower than in the control sample. The high content of Sb at TPP site can be explained by coal burning and traffic emissions, a key tracer of non-exhaust traffic, i.e., deterioration of tires, brakes, engines and vehicle components [26] . High concentrations of Sb at the BG and AS sites could be related with its naturally release from the Earth's crust. The increase of Pb content at all three sites indicates the use of lead-loaded gasoline in the Republic of Moldova. Emissions from traffic, besides Pb, contain many potentially toxic elements such as, Cd, and Zn. Iron is generally considered as a typical geological marker element. However, in urban areas, it often originates from metallic wear parts of vehicles and road dust re-suspension [11] . In case of some elements decrease of their concentration after several months of accumulation was observed. This decrease can be explained in several ways: (i) precipitation (snow) as well as wind blow could remove easily captured particles or (ii) frost could lead to membrane disruption and leakage of already accumulated elements. However, as decrease of metal content was observed not at all sites wind and precipitations can be considered as main factors affecting metal accumulation by moss samples.
The results of principal component analysis are presented in Table 4 . Three factors explaining a total of 81 % of the variability were identified in the data set. The first factor, which elucidates most of the variance (49 %), has high loadings for Cr (0.87), Fe (0.94), Co (0.92), Sr (0.92), Sb (0.96), U (0.89), and Cu (0.90). This factor represents a combined geogenic and anthropogenic association of the elements. Iron, Sr, Sb, and U are typical crustal elements, and their content in the moss can be associated with mineral particles released into the atmosphere mainly by wind erosion. However, high values for Cr, Fe, Cu, and Pb also indicate the influence of anthropogenic sources. The second factor, with 18 % of the total variance, shows high loading for Al, V, and As pointing to the contribution from thermal power plants. The third accounts for 14 %, with pronounced contribution from Cd (0.93) and Zn (0.76), might be attributed to traffic sources [18] .
Conclusions
The concentrations of 30 elements were determined in the moss samples exposed at three sites in Chisinau city using NAA and AAS. Regarding the element content of the unexposed moss, a significant accumulation of the majority of examined elements in the S. girgensohnii moss bags was observed over the 5-month exposure periods indicating that this moss species is an efficient trace element accumulator in urban area. The RAF values and factor analysis support hypothesis that the primary sources of air pollution in Chisinau are vehicles, thermal power plants and industry. Obtained results showed high accumulation of potentially toxic elements by the moss samples, which indicates that serious air pollution in Chisinau exists and requires attention from the national authorities.
